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recommend	 the	 consideration	 of	 arthropods	 in	 the	 environmental	 assessment	 of	
noise-	producing	infrastructure.
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2007;	 Slabbekoorn	 et	al.,	 2010)	 and	 terrestrial	 (Francis	 &	 Barber,	
2013)	 environments.	 Vehicular	 traffic,	 urbanization,	 and	 energy	 ex-
traction	infrastructure	are	widespread	sources	of	this	sensory	pollut-











many	 ecosystem	 functions	 including	 pollination,	 seed	 dispersal,	
herbivory,	 decomposition,	 and	 habitat	 formation	 (Prather	 et	al.,	
2012).	Given	 their	 fundamental	 role	 in	many	 ecosystems,	 it	 is	 es-
sential	 to	understand	 the	potential	 effects	of	 anthropogenic	 noise	
on	 arthropods	 and	 other	 invertebrates	 (Morley,	 Jones,	 &	 Radford,	
2014).	 Arthropods	 use	 sound	 for	 a	 variety	 of	 purposes,	 including	
the	detection	of	 predators	 and	prey,	 and	 for	 intraspecific	 commu-
nication.	 Previous	 research	 demonstrates	 that	 some	 arthropods	
are	 affected	 by	 loud	 anthropogenic	 infrastructure	 (Morley	 et	al.,	
2014);	 for	 instance,	 bow-	winged	 grasshoppers,	 Chorthippus bi-
guttulus	 (Orthoptera:	 Acrididae),	 found	 near	 loud	 roadside	 sites	
produce	 higher	 frequency	 calls	 than	 individuals	 from	 quiet	 sites	
(Lampe,	 Schmoll,	 Franzke,	 &	 Reinhold,	 2012);	 the	 cicada	 species,	
Cryptotympana takasagona	(Hemiptera:	Cicadidae),	exhibits	a	strong	
positive	 correlation	 between	 call	 frequency	 and	 noise	 exposure	
level	 in	urban	parks	 (Shieh,	Liang,	Chen,	Loa,	&	Liao,	2012);	and	in	



















We	 conducted	 this	 study	 in	 the	 Rattlesnake	 Canyon	 Habitat	
Management	 Area,	 in	 the	 San	 Juan	 Basin	 of	 northwestern	 New	
Mexico,	from	May	to	June	2013.	This	is	the	second	largest	gas	basin	
in	 the	 United	 States	 and	 produces	 an	 estimated	 one	 trillion	 cubic	
feet	of	gas	per	year	(Fassett,	2010).	This	region	has	a	long	history	of	
resource	 extraction,	 beginning	with	 the	 discovery	 of	 natural	 gas	 in	
1921	and	a	marked	 increase	 in	extraction	efforts	during	 the	1950s	
(Fassett,	2010).	Consequently,	 this	 landscape	has	experienced	over	
60	years	of	intensive	disturbance,	including	extensive	noise	pollution.	
Plant	 communities	 in	 this	 arid	 region	 are	 dominated	 by	 piñon	 pine	
(Pinus edulis)	and	Utah	 juniper	 (Juniperus osteosperma),	with	compo-
nents	of	sagebrush	(Artemisia tridentata)	and	open	grassland	(Francis	
et	al.,	2009).
Within	 the	 gas	 field,	 we	 simultaneously	 sampled	 five	 separate	




to	 the	high	density	of	 compressors	on	 the	 landscape,	noncompres-
sor	site	sound	 levels	were	 likely	still	 influenced	by	distant	compres-
sor	stations.	Moreover,	as	a	result	of	intensive	gas	extraction	in	this	
region,	background	sound	levels	were	elevated	at	all	sites.	Although	
some	 compressor	 and	 noncompressor	 sites	 had	 similar	 background	
sound	levels	(see	Appendix	S2),	the	composition	of	those	background	
sounds	was	different,	with	compressor	sites	being	dominated	by	char-
acteristic	 compressor	 noise	 and	 noncompressor	 sites	 having	 other	
forms	of	noise,	such	as	water	pump	jacks.	Compressor	and	noncom-




slowly	 be	 changing	 between	 compressor	 and	 noncompressor	 sites	
(Francis,	Kleist,	Ortega,	&	Cruz,	2012)	and	differences	may	be	pres-
ent	 at	 smaller	 scales.	All	 sites	 lacked	 artificial	 illumination	 at	 night,	





We	 sampled	 the	 terrestrial	 arthropod	 community	 with	 passive-	
capture	 pitfall	 traps	 and	 compared	 the	 relative	 abundance	 of	 spec-
imens	between	 sites	 (Spence	&	Niemela,	 1994).	To	 construct	 pitfall	
traps,	we	used	clear	500-	mL	plastic	containers	buried	flush	with	the	
ground	and	partially	filled	with	100%	ethanol	and	ran	strips	of	white	
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analyses;	 this	 included	Diptera,	Hymenoptera	 (excluding	 Formicidae	
and	Mutillidae),	Lepidoptera,	and	Neuroptera	(McIntyre,	Rango,	Fagan,	







R05	or	R09;	MP3	128	kbps)	50	m	away	 from	 the	center	of	 the	 site	
to	record	the	background	sound	 level	at	 the	pitfall	 trap	distance	for	
at	least	3	days	during	the	trapping	period	(Mennitt	&	Fristrup,	2012).	
We	used	 custom	programs	 (Damon	Joyce,	NPS,	AUDIO2NVSPL)	 to	
convert	 the	MP3	 recordings	 into	 hourly	 sound	 pressure	 levels	 and	












thropod	 families	 for	which	we	collected	at	 least	10	 total	 specimens	
(Davies	et	al.,	 2012;	Gotelli	&	Ellison,	2004),	which	 allowed	enough	





in	 general	 and	 compressor	 noise	 specifically	 affect	 arthropod	 abun-
















design.	 For	 those	 families	where	 one	 of	 the	 noise	variables	was	 an	




used	Welch	 two-	sample	 t-	tests	 to	compare	 the	 rarefied	 family	 rich-
ness	(minimum	sample	of	54	individuals;	program	R,	CRAN	packages:	
VEGAN,	rarefy)	and	Chao1	asymptotic	richness	estimators	 (program	
R,	 CRAN	 packages:	 VEGAN,	 estimateR)	 between	 compressor	 and	
noncompressor	sites	(program	R,	CRAN;	Gotelli	&	Colwell,	2011).	To	



















Pardosa),	 included	a	covariate	 for	 sound	 level	 (dBA).	The	 top	model	
for	 three	 insect	 families—grasshoppers	 (Orthoptera:	 Acrididae),	
cave,	 camel,	 and	 spider	 crickets	 (Orthoptera:	 Rhaphidophoridae,	
Ceuthophilus),	 and	 froghoppers	 (Hemiptera:	Cercopidae)—included	 a	
factor	for	compressor	(see	Appendix	S5).	The	null	model	was	the	top	
model	for	six	families	and	two	genera	(see	Appendix	S6),	suggesting	
no	effect	of	overall	 sound	 level	or	 compressor	noise	 specifically	on	
these	taxa.
The	leafhopper	family	(Cicadellidae)	was	positively	associated	with	






(95%	CI:	0.33–0.94)	 for	 the	wolf	 spider	 family	 (Lycosidae),	 and	53%	
(95%	CI:	 0.46–0.48)	 for	 the	wolf	 spider	 genus	 (Pardosa)	 (Figure	1a).	
All	families	associated	with	the	compressor	factor	were	negatively	re-
lated,	illustrating	a	negative	response	to	compressor	noise	specifically.	
At	 sites	with	 compressor	 noise,	 grasshoppers	 (Acrididae)	were	 24%	
less	 abundant	 (0.63;	 95%	 CI:	 0.36-	1.10),	 froghoppers	 (Cercopidae)	
were	52%	less	abundant	(0.31;	85%	CI:	0.09-	1.06),	and	cave,	camel,	
and	 spider	 crickets	 (Rhaphidophoridae;	Ceuthophilus)	were	95%	 less	
abundant	(0.03;	95%	CI:	0.00–0.54;	Figure	1b).





of	 families	per	54	 individuals	 sampled	per	 site	 (i.e.	 rarefied	 to	 the	
sample	 size	 of	 the	 site	with	 the	 fewest	 individuals	 sampled),	 and	
second	by	using	asymptotic	richness	estimators	to	provide	a	mini-
mum	family	richness	estimate	per	site	(Gotelli	&	Colwell,	2001).	Both	
rarefied	 family	 richness	 and	Chao1	 asymptotic	 richness	 estimates	
did	not	 statistically	 differ	between	 compressor	 sites	 and	noncom-
pressor	sites	(observed	family	richness:	t	=	1.50,	df	=	7.62,	p = 0.17; 
asymptotic	 richness	 estimates:	 t	=	0.38,	 df	=	6.75,	 p	=	0.72).	 For	
the	analyses	of	families	and	genera,	the	PERMANOVA	results	show	
nonsignificant	 effects	 of	 the	 compressor	 factor	 (family:	 F	=	1.15,	
df	=	1,	p	=	0.39;	 genus:	F	=	0.76,	df	=	1,	p	=	0.67)	 and	 background	
dB	 level	 (family:	F	=	0.84,	df	=	1,	p	=	0.64;	 genus:	F	=	0.70,	df	=	1,	
p	=	0.80)	 on	 the	 Bray–Curtis	 dissimilarity	 matrix	 calculated	 from	
the	abundance	data.	Similar	nonsignificant	community	turnover	was	
observed	 for	 compressor	 (family:	F	=	1.45,	df	=	1,	p	=	0.18;	 genus:	
F	=	1.00,	df	=	1,	p	=	0.44)	and	background	dB	level	(family:	F	=	0.98,	
df	=	1,	p	=	0.52;	 genus:	F	=	0.74,	df	=	1,	p	=	0.81)	 on	 the	 Cao	 dis-
similarity	 matrix.	 Finally,	 the	 NMDS	 plot	 illustrates	 the	 group-
ing	 of	 compressor	 and	 noncompressor	 sites	with	 a	 slight	 overlap	
(stress	=	0.18;	Appendix	S8),	and	a	post	hoc	fit	of	 the	background	





and	broadband,	 chronic	 compressor	 noise,	 specifically,	 differentially	
affect	 the	 abundances	 of	 some	 arthropod	 families.	 Those	 groups	
that	responded	to	louder	(dB)	demonstrate	a	dose–response	to	noise	





the	 mechanisms	 behind	 these	 responses,	 and	 potential	 ecological	
repercussions.
Compressor	 noise	 is	 broadband	 and	 has	 substantial	 energy	 
at	 low	 frequencies,	 likely	 producing	 substrate-	borne	 vibrations	
(~20–5,000	Hz	±	55	dB;	 however,	 this	 noise	 likely	 produces	 lower	
frequencies	 that	 are	 not	 captured	 in	 this	measurement	 due	 to	 the	
falloff	of	 the	 frequency	 response	of	 the	microphone	 at	 20	Hz;	 see	
Appendix	 S9).	 It	 is	 possible,	 therefore,	 that	 compressor	 noise	 or	
higher	 levels	 of	 background	 noise	 directly	 interfere	 with	 or	 mask	 
important	 information	 used	 by	 acoustically	 and	 vibrationally	
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sensitive	arthropod	 taxa.	Anthropogenic	noise	 reduces	 the	activity	
of	 some	bat	 species	 (Bunkley	 et	al.,	 2015)	 and	 alters	 bird	 commu-
nities	(Francis	et	al.,	2009),	both	of	which	may	prey	upon	terrestrial	
arthropods.	 Therefore,	 anthropogenic	 noise	 could	 indirectly	 affect	
terrestrial	arthropod	abundances	via	trophic	interactions.	This	study	
is	 unable	 to	 distinguish	 between	 direct	 and	 indirect	 effects	 on	 ar-
thropod	abundances;	however,	we	cautiously	explore	some	possible	
causes	for	these	observed	responses.	Future	studies	should	attempt	
to	 discriminate	 between	 direct	 and	 indirect	 effects	 of	 noise	 pollu-
tion	on	arthropods	by	experimentally	applying	noise	treatments	on	
a	landscape	scale.









of	 tympana	 (Shamble	 et	al.,	 2016),	 revealing	 that	 some	 terrestrial	
arthropods	may	be	more	 sensitive	 to	distant	 airborne	 signals	 than	
previously	thought.	For	the	ground-	dwelling,	or	brush-	legged,	wolf	
spider,	 Schizocosa ocreata,	 female	 receptivity	 and	 mating	 success	
are	reduced	when	exposed	to	airborne	white	noise	(Gordon	&	Uetz,	
2012).	 Some	 cave,	 camel,	 and	 spider	 crickets	 (Rhaphidophoridae)	
use	very	low	frequency,	substrate-	borne	vibrations	for	sexual	com-




recorded	 in	 several	 froghopper	 species	 (Cercopidae;	 Tishechkin,	
2003).	 For	 these	 groups,	 it	 is	 possible	 that	 noise	 directly	 disrupts	
important	signals	and	therefore	potentially	decreases	fitness	via	re-
duced	 reproductive	 or	 foraging	 success	 or	 alters	 habitat	 selection	
decisions,	 resulting	 in	distributional	 changes	 across	 the	 landscape.	
Leafhoppers	(Cicadellidae)	are	also	sensitive	to	sound	(Drosopoulos	
&	Claridge,	 2006),	 and	 locate	 and	 recognize	mates	 solely	 through	





tion	 by	 vertebrate	 species,	 like	 Brazilian	 free-	tailed	 bats	 (Tadarida 
brasiliensis;	 Lee	 &	 McCracken,	 2005),	 loud	 sites	 may	 serve	 as	 a	
refuge	 (Bunkley	 et	al.,	 2015)	 by	 acting	 as	 a	 predator	 shield	 (sensu	
Berger,	2007).	An	alternative	explanation	for	the	positive	response	
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